INTRODUCTION
Incubation temperature is an important factor of affecting hatchability and development of chick embryos (Lourens et al., 2007; Van der Pol et al., 2014) . Generally, high eggshell temperature (EST) results in a higher embryo mortality and lower hatchability (Lourens et al., 2007) and organ weight (Van der Pol et al., 2014) . These adverse effects may be related to an imbalance between heat production and gas exchange under high EST (Meijerhof, 2002) , which can further increase production of reactive oxygen species (ROS) and induce oxidative damage , resulting in decreased embryonic survival (Sakatani et al., 2008) .
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MATERIALS AND METHODS

Experimental Design and Treatments
A completely randomized design involving 2 maternal dietary Mn treatments × 2 incubation temperatures was used in this experiment. The 2 maternal dietary Mn treatments consisted of a corn-soybean meal basal diet (CON) without Mn supplementation or the basal diet supplemented with 120 mg Mn/kg of diet in the form of MnSO 4 •H2 O (+Mn). The 2 incubation temperatures were either a normal EST of 37.8°C (NT) or a high EST of 39°C (HT). Therefore, there were a total of 4 treatments (CON-NT, CON-HT, +Mn-NT, and +Mn-HT) in this experiment.
Animals and Diets
All experimental procedures were approved by Animal Welfare Committee of Institutes of Animal Sciences, Chinese Academy of Agricultural Sciences. A total of forty-eight 18-wk-old female broiler breeders (Arbor Acres; Huadu Broiler Company, Beijing, China) were randomly allotted to 2 dietary treatments with 6 replicates (4 birds per replicate) based on BW. Four birds in each replicate were kept in 2 neighboring galvanized steel cages with 2 birds per cage. All broiler breeders initially were fed a conventional diet for a period of adaption from 18 to 29 wk according to Arbor Acres breeder management guides and then fed with a corn-soybean meal basal diet (Table 1) with no Mn addition to further deplete the storage of Mn from 30 to 31 wk. After the depletion, the birds from the 2 dietary treatments were offered the same basal diet either with or without supplementation of 120 mg of Mn/kg of diet (MnSO 4 ·H 2 O; Beijing Chemical Company, Beijing, China) from 32 to 40 wk of age. The basal corn-soybean meal diet for the Mn-depleting and the experimental stages was formulated to meet or exceed the NRC (1994) requirements for laying broiler breeders except for Mn (Table  1) . Analyzed values of Mn content in the basal diet and diet supplemented with Mn were 14.3 and 133 mg/kg, respectively. All broiler breeders were handled following the Arbor Acres breeder management guidelines for lighting and feeding and allowed ad libitum access to tap water containing no detectable Mn. Egg numbers and egg weights were recorded daily during the 8-wk experimental period. All birds were inseminated weekly.
During the last 2 wk (from 39 to 40 wk) of the laying period of the experiment, a total of 504 eggs (42 from each replicate and 252 from each treatment) were selected based on the average egg weight of each treatment and then incubated in the same incubator (9TDJ-A; LanTianJiao Electronic Technology Co., Ltd., Beijing, China) at 37.8°C and a relative humidity of 55 2 The premix contained the following vitamins and minerals (per kg of diet): 4.5 mg retinol, 0.10 mg cholecalciferol, 36.0 mg α-tocopherol acetate, 3.9 mg menadione, 4.5 mg thiamin, 10.5 mg riboflavin, 4.5 mg pyridoxine, 0.024 mg cyanocobalamin, 18 mg pantothenate, 39 mg niacin, 1.5 mg folic acid, 0.18 mg biotin, 1,000 mg choline, 10 mg copper, 50 mg iron, 100 mg zinc, 2.0 mg I (KI), 2.0 mg iodine, and 0.30 mg selenium.
3 Analyzed values based on triplicate determinations.
to 60% during the first 10 d of incubation. Clear eggs were removed after candling at the 10th day of incubation (E10). Then, 216 fertile eggs (36 per replicate) from each maternal dietary treatment were equally allocated to 2 incubators with 108 in each incubator (18 per replicate). Therefore, a total of 432 fertile eggs from the 2 dietary treatments were used. One incubator was continuously maintained at the same EST of 37.8°C as before, whereas the EST for the other incubator was increased to 39.0°C in 4 h and held at this temperature from E10 to the 18th day of incubation (E18). The EST was measured by contact at the equator of the egg using an infrared digital thermometer (IRT 4520 Thermoscan; Braun, Kronberg, Germany) with a total of 24 eggs in each treatment (4 eggs per replicate). All eggs from the 2 incubators were transferred to the same hatcher (9TD-A; LanTianJiao Electronic Technology Co., Ltd.) on the 19th day of incubation (E19) and hatched at 37.8°C with a relative humidity of 55 to 60% from E19 to d 21.5 of incubation (E21.5). Eggs candled at d 18.5 of incubation (E18.5) were examined to identify the nonviable embryos. Nonhatched eggs at E21.5 were also opened to determine the true fertility and embryo mortality as previously described (Lourens et al., 2006) . All chicks hatched from each replicate per treatment were weighed and then the weights were averaged as the chick hatch weight.
Sample Collections and Preparations
Twelve eggs from each treatment (2 per replicate) were collected on the last day of the experiment. The eggs were broken and the albumen and yolk was separated and sampled. The yolk from 2 eggs per replicate were pooled together and stored at -20°C until analysis. At E18.5, 16 embryos (4 per replicate) from each treatment were killed by cervical dislocations, and the weights of embryo, yolk sac, and yolk-free embryo were collected as described by Molenaar et al. (2010) . The liver and heart from the embryos were immediately dissected, weighed, snap-frozen in liquid nitrogen, and then stored at -80°C for further analysis. Tibiotarsal bones were dissected and boiled for approximately 10 min in deionized water, and the bones were dried for 12 h at 105°C after all soft tissue was removed. Equal weight subsamples collected from the 4 embryos in each replicate were pooled into 1 sample for analysis.
Calculations
Fertility was expressed as a percentage of the total number of eggs set for each replicate per maternal dietary Mn treatment (Lourens et al., 2005) . Hatchability and mortality was expressed as a percentage of the total number of fertile eggs of each replicate per treatment. Relative embryo and yolk sac weights were calculated as the ratios of yolk-free embryo weight and yolk weight to egg weight at setting, respectively. Relative liver and heart weights were calculated as the ratios of liver and heart weight to yolk-free embryo weight, respectively (Lourens et al., 2005 (Lourens et al., , 2007 .
Sample Analyses
Measurements of Manganese, Calcium, and CP Contents. The Mn content of the diets and embryonic tissues was measured using an inductively coupled plasma emission spectroscope (model IRIS Intrepid II; Thermo Jarrell Ash, Waltham, MA) after wet digestions with HNO 3 and HClO 4 as described by Luo et al. (1992) . Validation of the mineral analysis was conducted using bovine liver powder (GBW (E) 080193; National Institute of Standards and Technology, Beijing, China) as a standard reference material. Contents of CP and Ca in feed ingredients and diet samples were determined using methods of the AOAC International (AOAC, 1990) .
Determination of Antioxidant Indices in Tissues of Embryos. Liver and heart samples were homogenized in ice-cold 10% (wt/vol) physiological saline for 60 s and then sonicated with an ultrasonic wave cell grinder (JY92-11; Ningbo, Jiangsu, China) for 1 min (1 s on followed by 2 s interval for each sonication). The homogenates were centrifuged at 1,000 × g for 15 min at 4°C, and the supernatants were collected to determine total protein content, malonaldehyde (MDA) level, and superoxide dismutase (SOD) activities. Total protein concentration was determined using a BCA Protein Assay kit (catalog number 23225; Pierce, Rockford, IL). The level of MDA was determined using a commercial assay kit (catalog number A003-1; Nanjing Jiancheng Bioengineering Institute, Nanjing, China) and expressed as nanomoles MDA content per milligram protein. The total SOD and MnSOD activities were measured following the nitrite method described by Li et al. (2004) , and copper zinc superoxide dismutase (CuZnSOD) activities were calculated by subtracting MnSOD activity from total SOD activity. Tissue MnSOD and CuZnSOD activities were expressed as nitrite units per milligram protein.
Quantification of Gene Expression by Real-Time PCR. Total RNA in the embryonic heart and liver was isolated using Trizol reagent (catalog number 15596018; Life Technologies, Carlsbad, CA) according to the manufacturer's protocols, and cDNA synthesis was performed using the PrimeScript RT reagent kit with cDNA eraser (catalog number 205311; Qiagen, Chatsworth, CA) according to the manufacturer's instructions. Real-time PCR were performed on an ABI 7500 real-time PCR sys-tem (Life Technologies) using SYBR Green PCR Master Mix (catalog number 4367659; Life Technologies). The PCR protocol was as follows: denaturation at 95°C for 2 min followed by 40 cycles of 95°C for 60 s, 60°C for 30 s, and 72°C for 30 s. Primers are listed in Table 2 , and the geometric mean of internal references, β-actin and glyceraldehyde 3-phosphate dehydrogenase (GAPDH), were used to normalize the expression of the targeted genes (Livak and Schmittgen, 2001) .
Tissue Preparation and Western Blotting. Frozen samples of embryonic liver and heart tissues (40 mg) were crushed and homogenized in 0.4 mL of ice-cold radioimmunoprecipitation assay lysis buffer (catalog number P0013B; Beyotime Institute of Biotechnology, Haimen, China). The homogenate was centrifuged at 15,000 × g for 5 min at 4°C and the supernatants were collected for the total protein determination using the BCA Protein Assay kit (catalog number 23225; Pierce). The extracted proteins (30 μg) were subjected to electrophoresis on a 10% SDS-PAGE gel, and the separated proteins were transferred onto the polyvinylidene fluoride membranes (catalog number IPVH00010; Merck-Millipore, Billerica, MA). After transfer, membranes were blocked in blocking buffer with 5% skim milk for 1 h at room temperature and then incubated with the following primary antibodies and dilution rates: HSP70 (ab69412, 1:2,000; Abcam, Cambridge, MA), HSP90 (ab64182, 1:2,000; Abcam), MnSOD (ab13533, 1:3,000; Abcam), and GAPDH (ab22555, 1:5,000; Abcam). After several washes in Tris-buffered saline with Tween, membranes were incubated with goat anti-rabbit horseradish peroxidaseconjugated secondary antibodies in dilution of 1:5,000 (catalog number CW0103A; ComWin Biotech, Beijing, China) for 1 h at room temperature. Signals were detected with a Super Signal West Pico Trial Kit (catalog number 34077; Pierce) and scanned using an ImageQuant LAS 4000 scanner (GE Healthcare Life Sciences, Pittsburgh, PA). Quantification of band density was determined using TotalLab Quant software (TotalLab, Newcastle on Tyne, UK). The GAPDH protein was used to normalize the expression of the targeted proteins.
Statistical Analyses
The data from the laying broiler breeders including laying performance, fertility, and yolk Mn content were analyzed by Student's t test. Data from the egg incubation including egg hatchability, embryo mortality and development, and embryo contents of Mn and MDA and activities of SOD as well as the relative expressions of mRNA and protein in embryonic tissues were analyzed as a split-plot design with the maternal dietary Mn level as the main plot and incubation temperature as the subplot. Data of embryo mortality were transformed to arc sine values before statistical analysis. Analysis of variance used the PROC MIXED procedure of SAS (version 9.2; SAS Inst. Inc., Cary, NC), and treatment comparisons for significant differences were done using a Duncan's multiple range test. Each replicate served as the experimental unit for all statistical analyses. Significant differences were set at P ≤ 0.05.
RESULTS
Laying Performance, Fertility, and Egg Yolk Mn Content
Dietary Mn increased (P < 0.0001) Mn content in egg yolk but did not influence (P > 0.22) egg weight, laying rate, egg production, egg:feed ratio, and fertility of broiler breeders (Table 3) . Eggs from the +Mn group had 2-fold greater (P < 0.0001) Mn content in egg yolk than those from the CON group.
Hatchability, Embryonic Mortality, and Development
No differences (P > 0.19) were observed in the relative embryo, yolk sac, embryonic heart, and chick weight between the maternal dietary Mn treatments, the incubation temperatures, and their interactions (Table 4 ). The hatchability (P < 0.05), embryo mortality (P < 0.19), and Mn content in the liver and bone (P < 0.01) were affected by maternal dietary Mn but not affected (P > 0.11) by incubation temperature and their interactions (Table 4 ). An interaction (P < 0.03) between maternal dietary Mn and incubation temperature was observed for the relative liver weight (Table 4) . Eggs from the +Mn group had greater (P < 0.05) hatchability and lower (P < 0.05) embryo mortality than those from the CON group. The Mn content in the liver and bone of embryos from the +Mn group was greater (P < 0.01) than that of embryos from the CON group. Under NT, relative liver weight of embryos from the +Mn group was greater (P < 0.05) than that from the CON group; however, compared with NT, HT decreased (P < 0.01) relative liver weight of embryos in the +Mn group but did not affect (P > 0.65) it in the CON group.
Antioxidant Indices
The hepatic CuZnSOD activity measured in the embryos was affected (P = 0.01) by the incubation temperature but not affected (P > 0.43) by maternal dietary Mn or the interaction between the maternal dietary treatment and the egg incubation temperature (Table 5 ). The heart MnSOD activity measured in embryos was affected (P < 0.05) by the incubation temperature, the maternal dietary Mn, and their interaction. However, neither egg incubation temperature nor maternal Mn treatment had an effect (P > 0.55) on the MDA content measured in the liver and heart of the embryos (Table 5 ). The hepatic CuZnSOD activity measured in the embryos was 1.36-fold higher (P = 0.01) from HT than NT. The HT increased (P < 0.004) the activity of heart MnSOD in embryos from the CON group but had no effect (P > 0.98) on this enzyme activity in embryos from the +Mn group.
Expression of Genes and Proteins in Embryonic Tissues
The results from gene and protein expressions of HSP70, HSP90, and MnSOD are listed in Tables 6 and  7 , respectively. The corresponding immunoblots are presented in Fig. 1 . No interactions (P > 0.10) between the maternal diet Mn and incubation temperature were detected for mRNA and protein expressions of HSP70 and HSP90 in both the embryonic liver and the embryonic heart. The protein expression of HSP70 measured in the heart of the embryo was affected (P < 0.003) by incubation temperature but not (P > 0.13) by maternal dietary Mn. The protein expression of HSP70 measured in the heart of the embryos from the HT was 21.1% less (P < 0.003) than that from NT. Expression of HSP90 mRNA in the embryo liver and heart was affected (P ≤ 0.05) by maternal dietary Mn but not (P > 0.56) by incubation temperature. The mRNA expressions of HSP90 in the liver and heart of the embryos were 33.3 and 24.8% lower (P < 0.05) from the +Mn group than from the CON group, respectively. The expressions of hepatic MnSOD mRNA measured in the embryos were affected (P < 0.05) by incubation temperature but not (P > 0.10) by maternal dietary Mn or their interactions. However, the hepatic protein expression of this enzyme was affected (P < 0.04) by incubation temperature and incubation temperature × maternal dietary Mn interaction. Compared with NT, HT increased (P < 0.05) MnSOD mRNA and protein levels in the liver. Especially under HT, MnSOD protein expression in the liver of embryos from the +Mn group was increased (P < 0.002) compared with that from the CON group, whereas there was no difference (P > 0.43) between the CON and the +Mn groups under NT.
DISCUSSION
In the present study, addition of Mn to a corn-soybean meal basal diet did not influence laying performance and fertility of broiler breeders during the experimental period from 32 to 40 wk of age, which was inconsistent with previous results obtained from commercial laying hens (Gallup and Norris, 1939; Leach and Gross, 1983) . The inconsistencies might be due to the differences in layer age or degree of Mn deficiency in the basal diet. For example, Leach and Gross (1983) used a sucroseisolated soy protein purified basal diet without Mn addition and found that Mn deficiency resulted in a lower egg productive performance in commercial laying hens at 26 wk of age. Although the productive performance of the breeders was not affected by the supplementation of Mn, a maternal diet without Mn supplementation significantly decreased the egg hatchability and increased the embryo mortality. These results imply that the Mn content of the corn-soybean meal basal diet might be sufficient for maintenance of egg production during the a,b Means within a row lacking a common superscript differ (P < 0.01).
1 Data represent the means of 6 replicates (n = 6).
2 CON = the corn-soybean meal basal diet; +Mn = the basal diet supplemented with 120 mg Mn/kg of diet in the form of MnSO 4 •H 2 O.
3 Student's t test between the dietary Mn treatments.
experimental period but not enough for the deposition in the eggs, thereby affecting subsequent hatchability and embryo development. As previously reported, when the eggs contain low Mn, the embryos died during the incubation, being unable to initiate or to complete the process of hatching (Gallup and Norris, 1939) . Indeed, the Mn content in egg yolk from broiler breeders fed the control diet was significantly lower than that from broiler breeders fed the diet supplemented with 120 mg Mn/kg. Our results also showed that the Mn accumulation in the eggs was transferred to the developing embryos and subsequently increased liver and bone Mn contents in favor of embryonic liver growth under the normal incubation temperature. In addition, high EST during incubation did not affect hatchability, embryo mortality and development, and hatch chick weight in our study, which was not in agreement with earlier findings in commercial layers (Lourens et al., 2005 (Lourens et al., , 2007 Van der Pol et al., 2014) . This discrepancy was possibly due to the differences in the breeds and eggshell characteristics. Everaert et al. (2008) reported that offspring embryos of commercial layers were more sensitive to high EST during incubation than those of broiler breeders, because a higher eggshell strength in commercial layers negatively affected gas exchange under a high incubation temperature. High EST reduced the relative liver weight of the embryos from the maternal +Mn group probably due to an increase in metabolic rate and a lower efficiency of the nutrients Means within a row lacking a common superscript differ (P < 0.05).
1 CON = the corn-soybean meal basal diet; +Mn = the basal diet supplemented with 120 mg Mn/kg of diet in the form of MnSO 4 •H 2 O.
2 Data represent the means of 6 replicates (n = 6).
3 NT = normal eggshell temperature of 37.8°C; HT = high eggshell temperature of 39°C. 4 Data represent the means of 12 replicates (n = 12).
5 Probability values for main effects. Means within a row lacking a common superscript differ (P < 0.05).
3 NT = normal eggshell temperature of 37.8°C; HT = high eggshell temperature of 39°C.
4 Data represent the means of 12 replicates (n = 12).
5 Probability values for main effects.
6 One nitrite unit (NU) was defined as the amount of enzyme needed to obtain 50% inhibition of nitrite formation.
for growth under high incubation temperature; however, similar results were not observed in the embryos from the maternal control diet. A possible explanation could be that maternal diet Mn deficiency might have caused a higher mortality of the low-quality embryos from hens fed the control diet during the incubation from E10 to E18, and the remaining embryos in this control group might be less affected by high incubation temperature. The high metabolic heat production and insufficient exchange of oxygen enhance the formation of ROS with an induction of intracellular oxidative stress during embryo development under high incubation temperature , such as lipid peroxidation and oxidative damages to proteins and DNA (Wells et al., 1997) . However, MDA levels in embryo tissues were not elevated under heat challenge in the current study. These findings implied that the embryos under high EST might involve some thermos-protective changes and evade the negative effects of lipid peroxidation under heat challenge. For example, when the embryos were subjected to HT, the activities of heart MnSOD and liver CuZnSOD and the expression of liver MnSOD protein were subsequently elevated compared with those in NT. These increases of the activities of SOD enzymes might protect embryos against peroxidative damage induced by heat stress through scavenging superoxide radicals, Table 6 . Effects of maternal dietary Mn and incubation temperatures (TEMP) on mRNA expression of heat shock protein 70 (HSP70), heat shock protein 90 (HSP90), and manganese superoxide dismutase (MnSOD) in the liver and heart of chick embryos on the 18th day of incubation Means within a row lacking a common superscript differ (P < 0.05).
5 Probability values for main effects. 6 The geometric mean of internal references, β-actin and GAPDH, was used to normalize the expression of targets genes. Means within a row lacking a common superscript differ (P < 0.05).
5 Probability values for main effects. 6 The GAPDH protein was used to normalize the expressions of the target proteins.
as suggested by Yamashita et al. (1997) and Lauria et al. (1994) . Manganese is a crucial component of the metalloenzyme MnSOD (Luo et al., 1992) , which is the most dominant dismutase functioning as a free radical scavenger in the mitochondria .
Previous results from our laboratory demonstrated that diets supplemented with Mn could increase the heart MnSOD activity and mRNA expression (Li et al., 2004 (Li et al., , 2011 Luo et al., 2007) and reduce lipid peroxidation in broiler chicks . In the present study, the heart MnSOD activity and liver MnSOD protein level appeared to be lower from the maternal CON group than from the maternal +Mn group, implying that the embryos from the +Mn group have relatively a higher antioxidant ability. Additionally, previous studies have demonstrated that the addition of SOD enzymes to the cultured medium improved embryonic development of mouse in vitro (Nonogaki et al., 1991 (Nonogaki et al., , 1992 Orsi and Leese, 2001) . Therefore, in the present study, maternal dietary supplementation with Mn would aid the development of offspring embryos with the higher MnSOD levels. This might be one of the reasons for the lower embryo mortality for the maternal +Mn group compared with the CON group. Furthermore, embryos from broiler breeders fed supplemental Mn might benefit from enhanced antioxidant ability and thus be protected from heat stress. For example, an elevated liver MnSOD protein as the endogenous pool of this enzyme activity was observed under HT. Similar phenomena for other antioxidants, such as glutathione (Arechiga et al., 1995) , vitamin E (Cederberg et al., 2001) , and vitamin C (Wang et al., 2002) , also were observed in stressed embryos during in vitro culture. The heat-inducible changes in synthesis of HSP, especially HSP70, were involved in the development of thermotolerance in chicks (Gabriel et al., 2002; Leandro et al., 2004) , rat (Mirkes et al., 1996) , bovine (Sakatani and Hansen, 2011) , and swine (Kojima et al., 1996) embryos in vivo and in vitro. However, in the present study, the levels of HSP70 mRNA and protein expression in the liver of the embryos were not affected by the high EST during the late development stage. This discrepancy arising in the embryonic liver was likely due to the differences in the stage of embryonic development and the culture conditions. Walsh et al. (1987) and Edwards et al. (1995) reported that heat-induced HSP70 synthesis easily occurred in the early development stage but not in the later stage. Their own synthesis of HSP70 as well as heat shock threshold for embryos can increase during the developmental process. Therefore, the increase of HSP70 expression of embryos at the later stage might not be easily induced by heat shock. Moreover, in the current study, the embryos in vivo might have more complex, multiple, and complementary defense systems to prevent overexpression of HSP70 induced by heat damage compared with those in a defined medium in vitro (El Mouatassim et al., 2000) . Therefore, high EST had no effect on liver HSP70 expression possibly due to the enhanced antioxidant ability in heat-stressed embryos in vivo with the increases of CuZnSOD activity and MnSOD protein level in the liver of the embryos. Both SOD (MnSOD and CuZnSOD) may allow superoxide radicals to be scavenged and protect cells against toxic oxygen radicals induced by high incubation temperature. Different tissues of embryos responded differently to heat exposure based on HSP expression in the present study. Knowlton (1994) reported that the heart was more susceptible to heat stress than the liver, which may be due to the increased work rate and metabolic heat production in the heart under heat stress. The depressed expression of HSP70 protein was observed in the heart of the embryos subjected to high EST. These results confirmed the previous findings in the hearts of rats (Beck et al., 1995) and in cultured cells (Mizuno et al., 1997) . Heat shock proteins as molecular chaperons play an important role in protein folding and configuration, and the depression of their expression would inhibit stress-induced denaturation of proteins (Mayer and Bukau, 2005) . Therefore, the reduction of HSP70 level in offspring embryos might be due to its function in self-protection when the amounts of denatured protein increased subjected to the stress. However, HSP70 also plays an important role in fertilization and early embryonic development (Dix et al., 1998; Neuer et al., 1998; Matwee et al., 2001) involving the prevention of apoptosis (Matwee et al., 2001) . The inhibition of HSP70 in the heart of heat stressed embryos might cause a reduction of embryonic development via an increase in cell death. However, Galea-Lauri et al. (1996) found that the decreased HSP90 expressions decreased susceptibility to apoptosis in the monoblastoid cell line U937 under stress conditions. Furthermore, the reduced HSP90 levels also delayed the growth inhibition of the cell line U937 following a phorbol esters treatment (Galea-Lauri et al., 1996) . In the present study, the lower HSP90 mRNA expression level occurred in the liver and heart of the embryos from the +Mn group, which potentially could be in favor of embryonic development related with antiapoptosis protection. Previous studies have demonstrated that expressions of HSP, such as HSP70 (Aucoin et al., 1995) and HSP90 (Fukuda et al., 1996) , could be induced by oxidative stress due to an increase of ROS formation. In the present study, a suppression of HSP90 mRNA expression in the liver and heart of chicken embryos from the +Mn group might be due to the greater antioxidant ability to copy with exogenous and endogenous oxidative insults during the development. Similarly, the induction of heme oxygenase-1, as an oxidative stressresponse enzyme to reduce intracellular damages, suppresses HSP90 expressions in human breast cancer cells and then inhibits tumor malignancy (Lee et al., 2014) .
In conclusion, the results from this study have demonstrated that high incubation temperature induced selfprotective responses in tissues of chick embryos accompanied by changes in antioxidant status and reduction of HSP70 protein expression. Maternal dietary supplementation with Mn could improve hatchability as well as antioxidant ability to protect against heat challenge in offspring embryos during incubation from E10 to E18.
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